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A low impedance ovevoltage protection cir- 
cuit includes a first MOSFET having a drain 
connected to an input signal and a source 
connected to a drain of a second MOSFET, the 
source of the second MOSFET being coupled to 
the output The gates of the first and second 
MOSFETs are connected to voltage supplies 
which float relative to the input signal values so 
as to maintain the gates of the respective MOS- 
FETs biased to a conducting state. The 
maximum and minimum values to which the 
floating voltage supplies will float are defined 
by clamping diodes and clamp voltage sources. 
When the input signal value exceeds a desired 
positive maximum value, the first MOSFET is no 
longer biased to an on state whereby the MOS- 
FET turns off, shunting the input signal through 
a high impedance for limiting input current and 
removing the input signal from the output 
Negative going peak values are removed in a 
like manner by the second MOSFET. Bipolar 
transistors are coupled to each MOSFET to 
allow quick turn off in the event of rapid rise 
time transient input values. 
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Background of the Invention 

The present invention relates to a low Input im- 
pedance voltage protection system for electronic 
measurement devices and particularly to such a sys- 
tem that will switch to a high impedance state when 
the input voltage exceeds a desired range. 

A problem in voltmeter design is protecting cir- 
cuitry from input-overvoltage while keeping the sen- 
sitivity and noise suppression at acceptable levels to 
allow precise voltage measurements of DC and AC 
signals. Due to power surges, noise or misapplication 
of measurement probes, a voltmeter may be measur- 
ing values in the millivolt range and moments later be 
presented with a 1 000 volt signal at its input terminals. 
Circuitry capable of measuring small voltage levels 
typically is not able to survive the sudden appearance 
of large voltage inputs without damage to the circuit 
components. A known method of providing input volt- 
age protection employs a large resistance in series 
with the input signal to limit peak current and clamping 
diodes between the input signal and positive and 
negative voltage rails to limit peak input voltage. While 
that type of circuit protects the measurement device 
from excessive voltage and current swings, it creates 
sensitivity and noise problems. Large input resistors 
facilitate noise pick-up and generation and also create 
errors measuring high frequency AC signals. For 
example, a one megohm resistor when coupled to a 
stray capacitance of about ten picofarads will limit pre- 
cise measurements to about one kilohertz. Also a one 
megohm input resistor will produce 130 
nanovolts/root hertz thermal noise. Large DC errors 
are created when bias current from meter amplifier 
inputs or leakage current from overvojtage protection 
diodes flow through large input resistors. It would be 
desirable to provide a low impedance input for signals 
within a specified voltage range with switching to a 
higher impedance state when large voltage levels 
appear at the input. 

Summary of the Invention 

According to one aspect of the invention, a low 
impedance overvoltage protection circuit comprises a 
pair of metal-oxide-semiconductor field effect transis- 
tors (MOSFETs) biased by a pair of floating voltage 
sources so as to be conductive when circuit input vol- 
tages are within a desired range. The MOSFET pair 
is in series so the input signal flows from the drain ter- 
minal to the source terminal of a first MOSFET and 
then from the drain terminal to the source terminal of 
a second MOSFET to the output terminal. One MOS- 
FET element is configured so as to enter a noncon- 
ductive state when the input voltage exceeds a peak 
positive value while the other MOSFET enters a non- 
conductive state when the input value exceeds a peak 
negative value. The floating voltage source maintains 



the bias on the MOSFETs as long as the input voltage 
is within a predetermined voltage range. 

Peak voltage levels are set by connecting a posi- 
tive and negative rail voltage through clamp diodes to 

5 the respective floating voltage source. The voltage 
sources float only to the level set by the clamp diodes 
and as the input signal increases, bringing the floating 
voltage sources to that set level, the MOSFET gate- 
to-source voltage begins to decrease whereby a 

10 further increase in input voltage causes the MOSFET 
to cease conducting for switching in high impedance. 
The protection circuit also includes fast switching bi- 
polar transistors that prevent MOSFET destruction for 
fast rise time input signals by discharging capacitive 

15 charge, since MOSFET capacitance may otherwise 
prevent the circuit from isolating large input voltages 
from the rest of the circuit components in a timely 
manner. 

According to another aspect of the invention, a 
20 series of MOSFET pairs and impedances may be 
combined to provide greater maximum voltage hand- 
ling capability. Any number of MOSFET airs may be 
combined in series, each pair increasing the voltage 
handling capability by a known amount 
25 It is an object of the present invention to provide 

an improved low impedance overvoltage protection 
circuit 

It is another object of the present invention to pro- 
vide an improved overvoltage protection circuit which 

30 is relatively immune to noise. 

It is still another object of the present invention to 
provide an improved overvoltage protection circuit 
which will not produce large DC error voltages. 

It is yet another object of the present invention to 

35 provide an improved overvoltage protection circuit 
which can provide a low impedance path from input to 
output for signals in a range of interest and which will 
provide a high impedance state for large signals, 
thereby preventing damage to sensitive circuitry. 

40 It is another object of the present invention to pro- 

vide an overvoltage protection circuit which may be 
modified to standoff any desired range of maximum 
input voltages. 

The subject matter of the present invention is par- 

45 ticularly pointed out and distinctly claimed in the con- 
cluding portion of this specification. However, both the 
organization and method of operation, together with 
further advantages and objects thereof, may best be 
understood by reference to the following description 

50 taken in connection with accompanying drawnings 
wherein like reference characters refer to like ele- 
ments. 



Drawings 
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FIG. 1 is a schematic diagram of an overvoltage 
protection circuit in accordance with the prior art; 
FIG. 2 is a schematic diagram of an overvoltage 
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protection circuit according to the present inven- 
tion; and 

FIG. 3 is a schematic diagram of a second embo- 
diment of an overvoltage protection circuit 
according to the present invention. 5 

Detailed Description 

Referring now to FIG. 1, a schematic diagram of 
an overvoltage protection circuit in accordance with 10 
the prior art an input signal at input terminal 10 is sup- 
plied through input resistor 12 to the cathode of diode 
14 and the anode of diode 16. The anode of diode 14 
receives a voltage -VCLAMP while the cathode of 
diode 16 is supplied with a voltage +VCLAMP. Circuit 15 
output 20 is drawn from the end of resistor 1 2 opposite 
the input. Resistor 12 serves to limit peak current 
while the two diodes limit peak voltage. 

In normal operation an input signal passes from 
input 10 to output 20 reducing the current by an 20 
amount proportional to the value of resistor 12. The 
current from resistor 12 does not flow through diode 
14 and diode 16 when the voltage on output line 20 is 
between + VCLAMP and -VCLAMP. (e.g. -VCLAMP 
<= Vout <= + VCLAMP). If the voltage magnitude on 25 
output line 20 minus the voltage drop across diode 16 
is greater than + VCLAMP, diode 16 becomes forward 
biased and begins to conduct in the forward biased 
region and the current through diode 16 increases 
greatly for small increases in voltage. This limits 30 
(damps) the positive voltage on output line 20 to 
+ VCLAMP plus the voltage drop across the diode. In 
a similar manner, if the output voltage on line 20 minus 
the voltage drop across diode 14 is less than - 
VCLAMP, diode 14 becomes forward biased allowing 35 
current to pass from -VCLAMP to output line 20. As 
the current therethrough increases, the voltage 
across diode 14 remains constant, clamping the out- 
put voltage value. The values of + VCLAMP and - 
VCLAMP are chosen in accordance with the 40 
requirements of the measurement circuit coupled to 
output line 20 so that the maximum voltage magnitude 
on output line 20 will not damage the components 
receiving the output signal. 

One disadvantage to the foregoing method is 45 
noise; the higher the value of input resistor 12, the gre- 
ater the magnitude of noise that may be produced. 
Large input resistances can also invite noise pickup 
from nearby sources such as transformers, displays 
or digital circuits. Another drawback of this overvol- so 
tage protection circuit is DC error; bias currentfrom an 
amplifier receiving output 20 or leakage current from 
diodes 14 and 1 6 will flow through the large input resi- 
stance, generating the error voltage. For example, an 
input amplifier with a bias current specification of 1 75 55 
picoamperes will drop 175 microvolts across a one 
megohm resistor. If desired measurement resolution 
is one microvolt, this error voltage is unacceptable. 
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Another potential problem with the input protection 
circuitry of FIG. 1 arises when measuring AC signals 
since a large input resistance, coupled with stray 
capacitance, causes measurement errors at high fre- 
quencies. For example, if a stray capacitance of ten 
picofarads exists, a one megohm input resistance 
limits precise measurements to about one kilohertz. 

FIG. 2 is a schematic diagram of an overvoltage 
protection circuit according to the present invention. 
The input signal at terminal 10 is coupled via resistor 
22 to the drain of p-channel enhancement mode 
MOSFET 24 and to the anode of diode 26. The 
cathode of the diode 26 is connected via resistor 28 
to the gate of MOSFET 24 as well as to the collector 
of bipolar npn transistor 30, the base of which is con- 
nected to the source of the MOSFET 24 and by way 
of resistor 32 to the emitter of transistor 30. The gate 
of MOSFET 24 is further tied to the anode of clamp 
diode 34, and is coupled through resistor 36 to the 
positive node of voltage supply 38. The negative ter- 
minal of voltage supply 38 connects to the output sig- 
nal line 20, the voltage supply 38 providing a potential 
of VS1 . The cathode of diode 34 is provided a voltage 
of value +VCLAMP. 

The junction at the base of transistor 30 and the 
source of MOSFET 24 is coupled to the cathode of 
diode 40 while the anode thereof connects through 
resistor 42 to the gate of p-channel enhancement 
mode MOSFET 44. The drain of MOSFET 44 has a 
common connection with the emitter of transistor 30. 
Clamp diode 46 has its cathode connected to the gate 
of MOSFET 44, its anode being supplied with the volt- 
age value -VCLAMP. The collector of pnp bipolar tran- 
sistor 48 is connected in common with the gate of 
MOSFET 44, while the base of the transistor connects 
to the source of MOSFET 44. The emitter of the tran- 
sistor is joined to the output signal line and, through 
resistor 50, to its own base. Resistor 52 is interposed 
between the gate of MOSFET 44 and the negative 
node of voltage supply 54, the positive terminal of 
which is tied to the output signal line. Supply 54 pro- 
vides a value of VS2. The anode of clamp diode 56 
and the cathode of clamp diode 58 are respectively 
coupled to the output signal line, while the cathode of 
diode 56 is connected to +VCLAMP voltage and the 
anode of diode 58 to -VCLAMP. The signal output is 
taken from line 20. 

In operation, MOSFET 24 and MOSFET 44 are 
biased by the voltage supplies 38 and 54 (VS1 and 
VS2 are suitably 5.1 volts) so as to be normally in a 
conductive state. Therefore, an input signal within a 
predetermined voltage range will pass through resis- 
tor 22, MOSFET 24, resistor 32, MOSFET 44 and 
resistor 50, thereby appearing on output line 20. Out- 
put line 20 is coupled to measurement circuitry or any 
electrical system as may be sensitive to large voltage 
levels. Using TO-92 500V MOSFETs with drain to 
source impedance in the "ON" state of approximately 
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35 ohms for n-channel devices and 70 ohms for p- 
channel devices, the total input impedance from input 
line 10 to output line 20 is equal to R22 + 35 ohms + 
R32 + 70 ohms + R50. Typically R22 is 200 ohms, R32 
and R50are 10 ohms, resulting in an input impedance 5 
of 325 ohms. Thus, the usual noise and frequency 
problems associated with large input impedances are 
greatly minimized. As the input signal begins to rise 
positively, the voltage on line 20 also increases, the 
voltage source 38 floating with the rise in output volt- 10 
age. The gate of MOSFET 24 retains a relatively posi- 
tive value with respect to the rise in output voltage 
(and the source of MOSFET 24), maintaining MOS- 
FET 24 in a conductive state. However, the increasing 
voltage is limited by the voltage supply +VCLAMP. As 15 
the voltage continues to increase, diode 34 becomes 
forward biased and starts conducting, preventing volt- 
age supply 38 from floating any farther above the out- 
put signal. For a typical +VCLAMP of 9.1 volts, once 
the input signal value is equal to VCLAM - VS1 (or 9.1 20 
volts - 5.1 volts = 4 volts), clamp diode 34 begins to 
conduct, clamping the voltage level at the gate of 
MOSFET 24 to +VCLAMP. As the input signal con- 
tinues to increase,the gate of MOSFET 24 is held at 
+VCLAMP and the gate to source voltage difference 25 
starts to fall belows five volts. As the gate voltage is 
reduced, the drain to source impedance starts to 
increase, and MOSFET 24 eventually turns off when 
the gate to source voltage approaches zero. Without 
sufficient potential difference between the source and 30 
gate, MOSFET 24 is not biased to conduct, and the 
low impedance path for the input signal to the output 
node is shut off for in effect removing the signal from 
the output and preventing damage to circuits connec- 
ted to the output node. 35 

Similarly, if a large negative input signal is applied 
to input line 10, MOSFET 44 will turn off. As the input 
(and hence the output) becomes increasingly nega- 
tive, supply 54 floats lower with input, maintaining a 
bias on the gate of MOSFET 44 of VS2 volts below the 40 
output signal. However, clamp diode 46 places a 
lower bound on the floating voltage supply 54 so that 
once the signal on output 20 is equal to -VCLAMP - 
VS2, diode 46 conducts, clamping the gate at - 
VCLAMP. As the input signal increases in the nega- 45 
tive direction, the gate voltage on MOSFET 44 
approaches zero relative to the source voltage, and 
eventually the gate to source voltage is low enough to 
cause MOSFET 44 to turn off. 

Diodes 56 and 58 function in a manner similar to 50 
the clamp diodes described in connection with FIG. 1 . 
During the short duration of time while the circuit is in 
the process of turning off and thereafter, diodes 56 
and 58 limit the output voltage to the range of +/- 
VCLAMP, to prevent damage to instrumentation con- 55 
nected to line 20. 

Bipolar transistors 30 and 48 provide protection 
with respect to input signals with fast rise times. MOS- 



FETs 24 and 48 have a significant amount of gate to 
source capacitance, on the order of 60 picofarads, 
and it can take a considerable amount of time to dis- 
charge that capacitance and to allow the MOSFET to 
turn off. The time period is sufficient to permit a large 
input voltage to destroy the MOSFETs or the circuitry 
following output 20. Therefore, bipolar transistors 30 
and 48 are employed to quickly discharge the capaci- 
tive voltage that keeps the MOSFETs biased. With a 
fast rising positive input signal, MOSFET 24, which 
will eventually turn off, remains biased on. However, 
sufficient current flows through resistor 32 for 
generating a voltage drop (suitably 0.7 volts) suffi- 
cient to cause transistor 30 to turn on. Once in the con- 
ducting state, transistor 30 quickly discharges the 
gate capacitance on MOSFET 24 thereby permitting 
the MOSFET to turn off. Similarly, for a negative going 
peak the current through resistor 50 will be such that 
transistor 48 will conduct, discharging the gate 
capacitance of MOSFET 44 and allowing the MOS- 
FET to turn off quickly. The bipolar transistors, in addi- 
tion to providing current limiting by discharging gate 
to source capacitance, also provide gate/source pro- 
tection for the MOSFETs since the bipolar transistors 
have a lower breakdown voltage than the MOSFETs. 

When the input voltage is above +VCLAMP (plus 
diode drops to account for diodes 26 and 34) MOS- 
FET 24 is off and the input signal flows through diode 
26, resistor 28 and diode 34. Resistor 28 is relatively 
large and limits input current. The gate of MOSFET 24 
is held at +VCLAMP. Once the input signal drops 
below +VCLAMP, diodes 34 and 26 cease to conduct, 
and the floating voltage source 38 begins to recharge 
the gate of MOSFET 24. Since resistors 28 and 36 are 
relatively large (suitably 660K ohm and 1 .2 Megohm 
respectively), the gate recharges slowly. After the 
gate has recharged sufficiently, the MOSFET will 
once again begin to conduct for permitting the input 
signal to again pass to the output. 

MOSFET 44 behaves in a similar manner when 
the input signal is be low -VCLAMP, with the signal 
flowing through diode 40, resistor 42 and diode 46. 
Gate recharge by floating voltage source 54 through 
resistor 52 occurs when the input signal rises above 
-VCLAMP. 

The slow gate recharge and therefore the slow 
return of the MOSFET to a conductive state is advan- 
tageous in that the application of large magnitude high 
frequency sine wave or the like will cause the circuit 
to shut off quickly, but will not allow the circuit to turn 
back on as fast as it shut off. Therefore, the circuit 
remains in a nonconductive state during the appli- 
cation of the high frequency wave rather than shutting 
off and on rapidly with the input signal variation. An 
advantage of the fast discharge and slow charge 
characteristic of the circuit is that high frequency input 
signals will keep the circuit in an off state, restricting 
the amount of current drawn. Restricting curvent pre- 
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vents tripping input signal supplies that have 
exceeded their source current limits. The circuit draws 
approximately the same current for both low and high 
frequency input signals. 

The use of the floating voltage supplies 38 and 54 
allows increased measurement accuracy by stabiliz- 
ing the biasing voltage across each MOSFET, The 
"ON" resistance of MOSFETs may vary with fluctua- 
tions in the gate voltage but by floating the biasing 
voltage of the MOSFET, signal fluctuations will not 
affect circuit impedance. The MOSFETs, in addition to 
providing low impedance, are purely resistive when in 
the "ON w state, supplying a linear resistance that 
enables high accuracy DC signal measurement The 
specific embodiment of FIG. 2 is capable of handling 
+/- 500 volt input signals. 

Referring now to FIG. 3, a schematic diagram of 
an alternative embodiment of the present invention, 
additional MOSFET stages are added to increase 
maximum input voltage handling capability. Input ter- 
minal 10 is coupled through resistor 22 in series with 
the parallel combination of resistor 60 and thermistor 
62 to the anode of diode 26 and to the drain of n-chan- 
nel enhancement mode MOSFET 24. The cathode of 
diode 26 connects to resistor 28 which has its oppo- 
site terminal attached to the gate of MOSFET 24. The 
gate of MOSFET 24 also is coupled to the emitter of 
bipolar npn transistor 64, the base of which transistor 
is connected to the source of MOSFET 24. Resistor 
32 connects the MOSFET source terminal to the col- 
lector of transistor 64. The collector-resistor junction 
is also in common with the drain of p-channel enh- 
ancement mode MOSFET 44 as well as the cathode 
of diode 40. The anode of the diode is coupled via 
resistor 42 to the gate of MOSFET 44 and to the emit- 
ter of pnp bipolar transistor 66. The source of MOS- 
FET 44 and the base of transistor 66 are joined, and 
through resistor 68 are connected to the collector of 
transistor 66 and the drain of n-channel enhancement 
mode MOSFET 70. The gate terminal of MOSFET 70 
is coupled via resistor 72 to the gate of MOSFET 24. 
MOSFET 70 has its source terminal connected to the 
base of npn bipolar transistor 74 and through resistor 
76 to the collector of transistor 74 as well as the drain 
terminal of p-channel enhancement mode MOSFET 
78. 

Resistor 80 is interposed between the gate of 
MOSFET 44 and the gate of MOSFET 78 the source 
terminal of MOSFET 78 is connected to the base of 
pnp bipolar transistor 82 and to a terminal of resistor 
84. The emitter of transistor 82 connects to the gate 
of MOSFET 78 and, through resistor 86, to the gate 
of p-channel enhancement mode MOSFET 88. The 
remaining terminal of resistor 84 is joined to the col- 
lector of transistor 82 as well as to the drain of n-chan- 
nel enhancement mode MOSFET 90. The gate of 
MOSFET 90 is coupled via resistor 92 to the gate of 
MOSFET 70 while also being connected to the emitter 
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of pnp bipolar transistor 94, through resistor 96, to the 
gate of n-channel enhancement mode MOSFET 98. 

The source terminal of MOSFET 90 is connected 
to the base of transistor 94 as well as to a terminal of 

5 resistor 100, the opposite terminal of which is connec- 
ted in common to the drain of MOSFET 88 and the col- 
lector of transistor 94. The source of MOSFET 88 is 
joined to the base of pnp bipolar transistor 1 02 and via 
resistor 103 to the collector of transistor 102 and the 

10 drain of MOSFET 98. The emitter of transistor 1 02 and 
the gate of MOSFET 88 are coupled by means of 
resistor 104 to the gate terminal of n-channel enh- 
ancement mode MOSFET 106, the drain terminal of 
which is common with the collector of pnp bipolar tran- 

15 sistor 108 together with one terminal of resistor 110. 
The opposite lead of resistor 110 and the base of tran- 
sistor 108 are connected to the source of MOSFET 
98, while the gate of MOSFET 98 connects to the 
emitter of transistor 108. 

20 The gate of MOSFET 98 is further connected to 

the anode of clamp diode 34, the cathode of which is 
suplied with a voltage +VCLAMP. The source of 
MOSFET 106 receives the base lead of pnp bipolar 
transistor 1 12 as well as one terminal of resistor 1 14 

25 while the opposite terminal of the resistor, the collec- 
tor of transistor 112 and a terminal of capacitor 116 
connect to output terminal 20. The opposite terminal 
of capacitor 1 16 is coupled via reistor 36 to the anode 
of diode 34. The last-mentioned terminal of capacitor 

30 116 also connects to the cathode of band gap refer- 
ence 120 in series with band gap reference 122, the 
anode of the latter connecting to output 20. 

Output terminal 20 is connected to the anode of 
clamp diode 56 as well as to the cathode of clamp 

35 diode 58, clamp diode 56 having its cathode tied to 
+ VCLAMP while the anode of diode 58 receives - 
VCLAMP. The emitter of transistor 112 and the gate 
of MOSFET 106 connect to the cathode of clamp 
diode 46, the anode thereof receiving the -VCLAMP 

40 voltage reference. Resistor 52 couples the negative 
output of photovoltaic stack 126 in common with a ter- 
minal of capacitor 128 and the anode of band gap 
reference 130 to the cathode of diode 46, band gap 
reference 130 in series with band gap reference 132 

45 being interposed between the negative output of 
stack 126 and output terminal 20. Capacitor 128 is 
shunted across the last-mentioned series circuit. The 
positive terminal of photovoltaic stack 136 supplies 
the node connecting the cathode of band gap 

50 reefemce 120, a lad of resistor 36 a terminal of capaci- 
tor 116. 

The internal components of the photovoltaic 
stack comprise a light emitting diode or diodes which, 
when provided with supply voltage, produce light out- 
55 put conveyed through a light pipe to photodiodes for 
generating a voltage output The photovoltaic stack 
126, capacitors 116 and 128 and band gap references 
120, 122, 130, and 132 correspond to the floating volt- 

5 
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age sources 38 and 54 of FIG. 2. 

The embodiment of FIG. 3 operates in manner 
similar to the embodiment of FIG. 2 but is capable of 
withstanding input voltages four times that of the 
embodiment of FIG. 2. Each MOSFET and associated 5 
components have a maximum voltage which they can 
withstanding which is 500 volts in the present 
example. The combination of MOSFETs 24, 70, 90 
and 98 in conjunction with resistors 28, 72, 92 and 96 
allow positive peak voltages of approximately +2000 10 
volts, while the MOSFETs 44, 78, 88 and 106 in con- 
junction with resistors 42, 80, 86 and 1 04 allow nega- 
tive peak voltages of - 2000 volts. 

As the input signal increases during operation, 
the floating source (suitably five volts) floats on top of 15 
the input voltage until diode 34 starts to conduct, the 
input voltage required to turn on diode 34 being 
+VCLAMP plus the voltage drop across diode 34 
minus the floating voltage source value. As the input 
voltage is increased further, the five volts on the gates 20 
of the MOSFETs starts to decrease and the "ON" resi- 
stance of the MOSFETs starts to increase. As the volt- 
age at the gates is reduced sufficiently, the 
impedance of the MOSFETs increases, essentially 
turning the MOSFETs off. As the voltage further 25 
increases, the gate to source voltage on MOSFET 98 
is substantially zero and the MOSFET conducts no 
current. Since MOSFETs 90, 70 and 24 are coupled 
to MOSFET 98 in series, no current flows through 
them either. The MOSFETs operate as source follow- 30 
ers with zero current in which case the voltage on 
each gate is now determined by the voltage division 
of the resistor string comprising elements 28, 72, 92 
and 96. When an input signal appears which is over- 
voltage, the resistors 28, 72, 92 and 96 (or resistors 35 
42, 80, 86 and 104 for negative-going voltage) form a 
voltage divider which evenly divides the input voltage 
across four MOSFETs, providing each MOSFET with 
one-fourth the total input voltage. Since there is very 
little current flowing through the MOSFET string, the 40 
source voltage on each MOSFET will follow its res- 
pective gate voltage. This will cause the gate to 
source voltage to remain at a small value, below the 
threshold level necessary to turn the MOSFET on. 
Resistors 28, 72, 92, 96, as well as resistors 42, 80, 45 
86 and 104, limit input current during overvoltage con- 
ditions. 

Since the "ON" resistance of the MOSFETs 
varies approximately one percent per degree, the cir- 
cuit could have a frequency response varying with so 
temperature. Therefore, thermistor 62 is coupled in 
parallel with resistor 60 and this circuit is connected 
in series with the signal input/output path. As the 
ambient temperature increases, the resistance of 
thermistor 62 decreases, reducing the cumulative 55 
resistance of the parallel resistor pair while at the 
same time the drain to source impedance of each 
MOSFET increases. Thus, the combination of resistor 



22, resistor 60 and thermistor 62 tend to cancel out 
changes in the MOSFET resistance. Similarly, the 
photovoltaic stack may have a poor temperature coef- 
ficient, so the addition of band gap references 120, 
122, 130 and 132 provides a stable floating voltage 
source for varying temperatures. Capacitors 1 1 6 and 
128 provide a well behaved frequency response. 

The embodiment of FIG. 3 operates according to 
the same principles as that of FIG. 2. Note, however, 
that transistors 64, 74, 94, 108 and 66, 82, 102, 112 
are reversed from their counterparts 30 and 48 of FIG. 
2, i.e., the emitter and collectors of the transistors are 
reversed in FIG. 3 from the connection as would be 
expected based on FIG. 2. The transistors in FIG. 3 
are used in their reverse active region, the collectors 
being used as emitters, and the emitters as collectors, 
permitting use of the base/emitter junction as a zener 
diode. Bipolar transistors when operated backwards 
as in FIG. 3 work in the same manner as when oper- 
ated in the forward direction; however, the gain is 
lower and the base-emitter breakdown (actually the 
base-collector breakdown in FIG. 3) is lower. The 
transistors are chosen so that their breakdown volt- 
age is lower than the gate-source breakdown of the 
MOSFETs, providing protection to the MOSFET 
devices. In a particular embodiment, the breakdown 
voltage of the transistors was six volts, while the 
MOSFETs had a twenty volt breakdown. Further, 
employing the transistors in this manner provides 
lower leakage and lower capacitance than it zener 
diodes were used. 

Since in a preferred embodiment, each MOSFET 
was capable of 500 volt standoff, the series combi- 
nation thereof allows 2000 volts to be continuously 
held off. The number of MOSFET pairs may be 
increased or reduced to provide any desired range of 
protection. 

In a circuit employing high voltage n-channel and 
p-channel depletion mode MOSFETs, simplifications 
can be made. Depletion mode MOSFETs are nor- 
mally on and voltage application to the gate causes 
these MOSFETs to enter a nonconductive state. The 
circuitry for providing bias voltage would then not be 
required to maintain the MOSFETs in a default con- 
ductive state. As a further alternative, the bipolar tran- 
sistors in the overvoltage protection circuitry could be 
replaced by zener diodes placed between the gate 
and source of each MOSFET. However, zener diodes 
have higher leakage and higher capacitance than the 
bipolar transistors, as stated above. 

While plural embodiments of the present inven- 
tion have been shown and described, it will be appa- 
rent to those skilled in the art that many changes and 
modifications may be made without departing from 
the invention in its broader aspects. The appended 
claims are therefore intended to cover all such 
changes and modifications as fall within the true spirit 
and scope of the invention. 
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Claims 

1. A low impedance overvoltage protection circuit 
comprising: 

a low impedance stage for normally coupl- 5 
ing an input signal to an output terminal; 

high impedance means; 

means for switching said low impedance 
stage to a high impedance state; and 

means for coupling said input signal to 10 
said high impedance means. 

2. The circuit according to claim 1 further comprising 
a plurality of additional low impedance stages, 

said stages being arranged in series, the outputs 1 5 
of ones of said stages supplying the inputs for 
subsequent stages, said plurality of stages provi- 
ding greater voltage handling capability. 

3. The circuit according to claim 1 wherein said low 20 
impedance stage comprises a MOSFET, the 
drain terminal of said MOSFET receiving said 
input signal, and the source terminal of said MOS- 
FET supplying said output terminal. 

25 

4. The circuit according to claim 3 wherein said 
means for switching said low impedance stage to 
a high impedance state comprises biasing 
means, said biasing means being responsive to 

said input signal for biasing said MOSFET to an 30 
off state for excessive signal values. 

5. The circuit according to claim 1 wherein said low 
impedance stage comprises a first and a second 
MOSFET, the drain terminal of said first MOSFET 35 
receiving said input signal, the source terminal of 
said first MOSFET being coupled to the drain ter- 
minal of said second MOSFET, and the source 
terminal of said second MOSFET being coupled 

to said output terminal. 40 

6. The circuit according to claim 5 wherein said 
means for switching said low impedance stage to 
a high impedance state comprises biasing 
means, said biasing means being responsive to 45 
said input signal for biasing said first MOSFET to 

an off state for excessive positive signal values 
and biasing said second MOSFET to an off state 
for excessive negative signal values. 

50 

7. A low impedance high voltage protection circuit 
comprising: 

an input terminal; 
an output terminal; 

a MOSFET having its drain coupled to said 55 
input terminal and its source coupled to said out- 
put terminal; 

resistor means coupled between the drain 



and gate of said MOSFET; 

bias means coupled to said resistor means 
for biasing said MOSFET to a normally conduc- 
tive state and for maintaining a stable bias voltage 
on said MOSFET over a range of voltages at said 
input terminal; and 

clamping means coupled to the gate of 
said MOSFET for altering the bias on said MOS- 
FET in response to an input signal exceeding said 
range of voltages at said input terminal to alter the 
conductive state of said MOSFET. 

8. The circuit according to claim 7 further comprising 
means for discharging the MOSFET gate to 
source capacitance in response to a rapidly rising 
input signal for enabling said MOSFET to change 
rapidly to a nonconductive state. 

9. The circuit according to claim 7 wherein said bias 
means comprises a voltage source floating rela- 
tive to the output terminal of said circuit. 

10. A low impedance high voltage protection circuit 
comprising: 

first conductance means having a low im- 
pedance and receiving an input signal for provid- 
ing an output signal, said first conductance 
means being capable of switching to a noncon- 
ductive state; 

second conductance means having a high 
impedance; and 

means for switching said first conductance 
means to a nonconductive state to apply the input 
signal to said second conductance means, said 
means for switching being responsive to the volt- 
age level of the input signal. 

11. The circuit according to claim 10 further compris- 
ing temperature compensation means for main- 
taining constant circuit impedance over a range of 
ambient temperatures. 

1 2. The circuit according to claim 1 0 wherein said first 
conductance means comprises a MOSFET. 

13. The circuit according to claim 12 wherein said 
means for switching said MOSFET to a noncon- 
ductive state includes means for rapidly discharg- 
ing gate-source capacitance of said MOSFET in 
response to a fast rise-time input signal. 

14. The circuit according to claim 12 wherein said 
means for switching said MOSFET comprises 
bias means for biasing said MOSFET to a con- 
ductive state and for maintaining a stable bias 
voltage on said MOSFET over a range of input 
voltages. 
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15. The circuit according to claim 12 wherein said 
means for switching said MOSFET comprises: 

bias voltage supply means, said supply 
means providing a floating bias voltage to a gate 
terminal of said MOSFET relative to the input sig- 5 
nal voltage level; and 

bias voltage clamping means for defining 
the maximum value to which said bias voltage will 
float. 

10 

16. An electronic measurement device comprising a 
device input terminal, a measuring circuit having 
a measurement input terminal and being oper- 
able to measure a signal applied to said measure- 
ment input terminal, and a low impedance high 15 
voltage protection circuit coupled between said 
device input terminal and said measurement 
input terminal, the protection circuit comprising 
conductance means having a low impedance 
state and a nonconductive state, and switching 20 
means operable to switch the conductance 
means from the low impedance state, in which an 
input signal at the device input terminal is applied 

to the measurement input terminal, to the noncon- 
ductive state in response to detecting that the 25 
input signal exceeds a threshold level. 



30 



35 



40 



45 



50 



55 



8 



tSDOCID: <EP 0497478A2 I > 




JDOCID: <EP 049747BA2_I_> 




SDOCID:<EP 0497478A2 I > 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 






(R) Publication number : 0 497 478 A3 

EUROPEAN PATENT APPLICATION 



@ Application number : 92300420.4 
(g) Date of filing : 17.01.92 



@ int. ci. 5 : H02H 9/04, G01R 1/36 



(So) Priority: 28.01.91 US 646865 

@ Date of publication of application : 

05.08.92 Bulletin 92/32 

@ Designated Contracting States : 
DE FR GB NL 

(§8) Date of deferred publication of search report : 

31.03.93 Bulletin 93/13 



@ Applicant : JOHN FLUKE MFG. CO., INC. 
P.O. Box 9090 

Everett Washington 98206-9090 (US) 

(72) Inventor : Carson, Daniel B. 
2530 133rd PI. S.E. 
Bothell, Washington 98012 (US) 

(74) Representative : Burke, Steven David et al 
R.G.C. Jenkins & Co. 26 Caxton Street 
London SW1H 0RJ (GB) 



(54) Low impedance, high voltage protection circuit. 

(57) A low impedance ovevoltage protection cir- 
cuit includes a first MOSFET having a drain 
connected to an input signal and a source 
connected to a drain of a second MOSFET, the 
source of the second MOSFET being coupled to 
the output The gates of the first and second 
MOSFETs are connected to voltage supplies 
which float relative to the input signal values so 
as to maintain the gates of the respective MOS- 
FETs biased to a conducting state. The 
maximum and minimum values to which the 
floating voltage supplies will float are defined 
by clamping diodes and clamp voltage sources. 
When the input signal value exceeds a desired 
positive maximum value, the first MOSFET is no 
longer biased to an on state whereby the MOS- 
FET turns off, shunting the input signal tthrougfypf*-, 
a high impedance for limiting inpuf 'current 'aria* 
removing the input signal from the output 
Negative going peak values are removed jn a 



CO 

< 

CO 
<<* 

o> 



a. 

LU 



-3 xoL; .C 



like manner by the second MOSFET. BipblaMCO J£| ,&C^OV 
transistors are coupled to each MOSFETHrtof f pc<Q , (J\ 
allow quick turn off in the event of rapid Tise 1 1 ~C^h^B 



time transient input values. 



> 
+ 




Jouve, 18, rue Saint-Denis, 75001 PARIS 



OOCID: <EP 0497478A3J_> 



EP 0 497 478 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 92 30 0420 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



US-A-3 760 228 (UCHIDA) 



* column 4, line 12 - column 7, line 21; 
figures 2,5,6,8 * 



DOCKET NO. 
APPLIC. NO.:PcT 1 £c 2O0$ OC* 
APPLICANT: Htflfcfc.'TfcdrvioS 
Lerner and Greenberg, 
P.O. Box 2480 
Hollywood, FL 33022 
Tel.: (954) 925-1100 



Tbe present search report has been drawn up for all 

Place of turc* I fWe mf m 



Place of aearck 

THE HAGUE 



Date af oasvleUoa of lac March 

03 FEBRUARY 1993 



Relevant 
to 



1-4,10, 

16 

7 



>.A. 



CLASSIUCATION OF THE 
APPUCATION a»t. C1.5 ) 



H02H9/04 
G01R1/36 



TECHNICAL FIELDS 
SEARCHED (Int. CLS ) 



H02H 

G01R 



SALM R. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant If combined with another 

document of tbe same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying tbe invention 
E : earlier patent document, but published on, nr 

after tbe filing date 
D : document cited in the application 
L : document cited for other reasons 

A : member of tbe same patent family, corresponding 



ISDOCID: <EP 0497476A3_I_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
□TbLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
C3-i*EFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



l4S Page Blank iuspto) 



